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Impact of Partial Replacement of Chemical Fertilizer by Organic Fertilizer on Soil Bacterial

Sub-communities in The Wheat-maize Rotation System of Northern Anhui

PENG Jingxuan', CHEN Lingjie!, XU Chang?, LIU Qin!, GAO Zhuangzhuang?, LI Xiaoliang® %", WANG Jianfei®- 2

(1 College of Resource and Environment, Anhui Science and Technology University, Fengyang, Anhui 233100, China; 2 Anhui
Agricultural Waste Fertilizer Utilization and Cultivated Land Quality Improvement Engineering Research Center, Fengyang,
Anhui 233100, China)

Abstract: In this study, soil samples were collected from seven different long-term treatments in the maize-wheat rotation area of
northern Anhui. The 16S rRNA gene amplicon sequencing using Illumina technology was used to investigate the effects of
organic fertilizer substitutions for partial chemical fertilizers on soil bacterial sub-community characteristics and physicochemical
properties. The results showed that long-term application of chemical fertilizers significantly reduced soil pH, while the use of
organic fertilizer could mitigate soil acidification. In addition, the long-term application of organic fertilizers and straw returning
significantly increased the contents of soil organic matter and available nutrients. In terms of bacterial sub-communities, the
substitution of organic fertilizer for partial chemical fertilizers did not significantly alter their diversities but significantly changed
their compositions. Proteobacteria, Acidobacteriota, and Chloroflexi constituted the dominant phyla under all treatments.
Proteobacteria significantly increased while Acidobacteriota significantly decreased in abundance when organic fertilizer partially
replaced chemical fertilizers. Analysis of Levins' niche breadth index revealed that the ecological niche breadth of abundant taxa
was considerably higher than that of rare taxa. The results of Mantel tests and RDA showed that pH significantly influenced both
abundant and rare bacterial sub-communities, with rare taxa demonstrating a greater sensitivity to environmental factors.

Key words: Organic fertilizer substitution for chemical fertilizer; Bacterial sub-communities; Community structure; Niche

breadth; Driving factors
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M1, B ARAL GE gl AR AR A R fof AR K s T
VW, (A T IR Mnin . A2 rert
FEAR LA RS A I A RS S IV E R Y, Rtk F-4R0F:
St AT RESE Y - A BRI S b), Hrpofl
FHA DL AHAC it AL AL & LR — AT 2 A 3% 0 H e 2
B FXTARAR, A PR IATE T AL AER 1
EYAERKIRFE SR, R A BT eE 1
ez, e N T, DAINTRE 3R - e R W 1 O
ZREME, R S TS R G A e

- 9 A0 B VR 1Y 22 A R L xR B L
AEIEWU, BRRM, GHETEE WA R
IS T U B A RE SRR, RR B P 43
Ff AR PRI R P T O AR () 2 B AEAARLO1, 4%
T, AN TR ) - S5 20 587 S A0 ] BT HILAC 55 Ak I g i 37
A, 3TN 1 S A 2SSl SR A 10,
RSB B COXF A OC R BEA T T s, (B ALIE
A R AR P B XoF - 18 240 B S0 B AR 5 i 4 AR A
TEAN I o LB B 5 o 4 v A DAL it FH 1 2 19
BANE T X B 5 ) P IR 5 DU 6 R Bl 2121, 5 A
AR 2S5 9 3 XoF A 1 240 B I B AR A A TR AR T AR
RERZ BT R R A RSN S g S 3
PR FBA R FR . WA, HEEHE, 15 pH
A HEFE Gy, X AR W) 22 R 1 R0 e A G
PR TS ) 2% T 3k 2 R 36 ] ELAAAE I F i
YIRSE R i T 0BT . B, WFFE A LIRSS AN ] £
AN W A2 R, TG AR AT B T A
A P I T RS HA R

FH I, AR5 T2 s B B AT I SR Bl B2
WEFE T HEAT A R0 FE )30, A 7 A [ it A A P4
Jiti B R AR EAEIF AT E , [RIEHEH 16S rRNA JE A
PG AR AT T, BESE TS [ it A R it
X = HEHRA M AR Y RE I, LA SAS [) = i 20 TR
FRRIE K BLIR S R, B9 T AR 3 B 4 i 2
it AR B2 ) R TR AE IR 3R, AN 2 A ok £
St e o AR AL

1 #MRt5ER*®

1.1 KGR

AR FEARFE LA BB T I R B B2 A 5
Bt AT K I ARG, IR0 4A T 2010 4F . iR
DX TRt 1 ek > i = KU X, IR A
WA T, HBFERE , U508, B R ARAUR 12 °C,
X i AR 22 °C, AR 15 °C, RHESAL Y
WEEL, MHE S /NE-F KA. RS HT 5

P IEAR AR« FERLTT 504K 9.97%, Ky ki it
I1EL 47.88%, HORLTT 1AL 42.15%, +1E pH 5.72,
A MR 1L 7.33 glkg, BRfE A i 80.1 mg/kg, AKX
B 16 mo/kg, B i 116.70 mo/kg, W
1 0.36 g/kg.

1.2 s

BEKIEY) . NE R IR 125, fEFhat
225 kg/hm?; EKFFCHBR DR 968, #EFhhih
75 000 i/hm?,

HEIRK AR . FRZE(N 460 glkg, B T4
A BRA ) i BERRES (P20s 160 g/kg, =~ FIA 1~ IH
Pl TABRA W) . B (K20 500 g/kg, 1l
A LT HRAR)WE Ty, HBEAIEN
16.4 g/kg. P,0s 36.0 g/kg. K.O 11.0 g/kg. FH AL =
450 g/kg) i BLBH SRR A BRA w44, AERPE D
WES R4 B (2017) 75 5496 F5 A 2050 B g 5t
gl KAl
1.3 REigit

IR BEALIX AL, I E 7 b, A4
AP A RS . T AEEESY I 2 O IR (CK) . R
(T1). ALAE+FEFFAE H(T2), 70% 4LAE+3 000 kg/hm?
AHHLIE(T3). 70% fLAE+3 000 kg/hm? A HLAE +55 FT 8
M (T4).50% fLAE+6 000 kg/hm2 47 HLAE(T5) . 50% 1k
fEE+6 000 kg/hm? A HILAE +F&FFi4 HI(T6), HrhfsFrid
H A2 s AR . 20 P AE & AN 1 R,
14 TEHEMRESHIE

T 2023 4 6 H/NA AR A 9 RUBUREIAAE B
AS/NXBEHLZEI 9 A&, A 45 R4 0~ 20 cm 4.
TR G R R A AR SR, —#
BT 20 °C UKFETRAEA T 13 DNA $2HL, —#4
AT WRES . RS AT A
1.5 11E DNA REFN 16S rRNA EEF

FAMRESLFRE 0.3 g, MR E.Z.N.A. soil i5] &
(Omega Bio-tek, Norcross, GA, U.S.)AYULIHBiEFT
& DNA f2HU, DNA Mk EEAIZEEE R NanoDrop
2000 HEATAGIN, DNA $EHR BTt H 1% A BR AR wE e
JE HL UK AT B IE . FH 338F (5°-ACTCCTACGGGAGG
CAGCAG-3’) il 806R (5’-GGACTACHVGGGTW
TCTAAT-3") 5l¥%} V3 ~ V4 m[Z48X 45 PCR #"
H8 . PCR #'#8KZ% (20 pL)M: 4 pl Ay 5>FastPfu
Buffer, 2 uL Y 2.5 mmol/L dNTPs, 1E[a5]%)
(5 umol/L)0.8 pL, I 514(5 pmol/L)0.8 pL, 0.4 uL
i FastPfu Polymerase, 0.2 uL ) BSA, 10 ng i) DNA
WAL, F ddH.O #MEZE 20 puL. PCR £ ABI
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Table 1 The application rates of fertilizers under different treatments

b b R K I (kg/hm?)
s % o R B FEAF AL
%% ERFE EFE OEKRFE EFE OEKRFE EFE OERFE O EF O EXF
CcK 25 0 0 0 0 0 0 0 0 0 0
T1 e 652.17  543.48 750 28125 200 90 0 0 0 0
T2 AEHE+REFHIA 652.17  543.48 750 281.25 200 90 R AR 0 0
T3 70% MEJ;L;EO kg/hm* 47 456.52  380.43 525 196.88 140 63 0 0 3000 3000
T4 70% LIE+3 000 kg/m* A7 45652  380.43 525 196.88 140 63 4 A& 3000 3000
MU +FE FF34 H
T5 50% 4&&5;{;;0 kg/hm* 47 326.09  271.74 375 140.63 100 45 0 0 6000 6000
T6 50% FLIL+6 000 kg/hm* 47 32609 27174 375 140.63 100 45 & A& 6000 6000
MU +FE FF34 H

GeneAmp 9700 PCR Y F3#E47, R 45444 : 95 °C il
A5k 3 ming 95°C A8k 30s, 55°C iRk 30s, 72T
GEAH 45's, 27 PMEFR 5 72 °CRLE{H 10 min, fxJ5 10T
TRAE A YE T 1 0 26 35 AR W s 25 RHBCA BR S W TR
Miseq PE300 -5 b #F17 i i 7
1.6 TELFHERUE

4l - 38 AH OG5 A 0 T T 7L TS), AT 4 4
pH. A HLE (SOM) . &% (TN) . 28 (TP) ., &4(TK).
B SR (NH,-N) A 20 (AP) HLEE R (AK) & 1Y
M
1.7 SEEHESW

JE IG5 %0t QIUME JFE(MA 1.9.1)i#F17
AbEROS B, RiH] Cutadapt(V1.9.1)4Kk {4 R4 T 1)
WS, SIBREE /N 150 bp HAV-488 5 o
SPEIRT 20 (R, ORI A ECE 1Y B R DY 4
%, RH UCHIME Bk 5Bkt & 7 5108 b
J&i ,7E QIIME -5 H, Rl UCLUST T HA4% 1 =97%
BRI BEARAEXT 7 91 A TSR 2, AT R 4 2 0T
(OTU); %, ffi}1] Mothur T E.X%F4 OTU #4718
FAMHT, L Silva B (https: //www.arb-silva.de/)
KR OTU MsrREE, JixretEdd OTU 1y
FREEHATAGED,
1.8 SitMEMEREZESH

HRAE LA ST, A 5055 A0 DA R Vi 2 AR 0T = B )
oy R 3w IR AT AR . AR RR S R, AR R
KTET EFES0.1% A9 OTU HE Xy F 5 401 T
., /NTEJFS 0.01%0 OTU B i A 4 A
gzﬁn[zo-zl]o

AW TR G5 HT, ¥ R studio AR

AR (G217 R RS 3.6.1) 4T, S bAili 40 B A
o ZFEME, 2 R BT H I “Vegan™fl, 145 Chaol
1 Shannon $& B FEVE 10 4 & BE A 2R, IR
J5 253 K1 B (K815 22 T 715 [l AG 360 ) o 45 40 ) 25 57 A 7
WEMRLREA, Ak, ST Bray-Curtis BEES, AT
F BRI T (PCOA), LIE/RAM AR B 2R
25, JrE “Vegan” £ 1Y “Adonis” I g i
11 TS £ 0TI 2255 HT(PERMANOVA), LLiE—
PR X 25 ST A G2 7 2324 R 4 25 S e
T Kruskal-Wallis #& {445 5 , Jf-38 28 Wilcoxon Fk Filfe
B X 45 4 2 () AT X HE R 2S), B ) ) SR AR
#HlE Bray-Curtis BEE AR, SR UPGMA JZ RS
Pt e, Wy A A T B BT, AR SR Wu
GRS ITvE, T Levins A= 2507 58 B BE R .
Mantel # 50 F F 15 3 R85 A48 0 5 40 B RV ALl
Z A AR S R8T, S L TUAR S HT (RDA), 5T A5
HEAR A HEPRIE AR 0 B I SR 25 S5 i TR, DATTAR 1
S BRI A S X 2 R 7 2L Y e 290,

2 HBREHW

2.1 AREMEELAET HELFERTH

W 2 Fior, AER R, RTR AR AL B + 381k
MR R T BEA ., X T2ESRES(SOM. TN,
TK. TP), N[aljiti A Ab B + 38 v H 5 & A 52 TG
v, Hrd, SOM 1 TN 78 T6 AbFErh iR E, TP 1E
T4 Ab¥i A gl s, TK WAE T1 4B H btk 8
Fo X TFE SR (NH,-N, AP AK), AS[A] it AE 4b
PRFRE IR F S, HINTE T6 dba bk
Hefm e BRI, TERIRI A AL FE + 18 pH &1k R TR
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o JRHAE T6 AbHih N T o . (AR
By, FEFFIAH (T2, T4, TO)AMIE e 1 +agrh
SOM &, MALIEW G H (T3, T4, T5, T6)4k

AT S § v 1 SRR AR Y i X R WA

T D, Sl R AT I FORTR A A AT A, R

P LR IR K

*2 TREEELELRUFMR

Table 2 Soil chemical properties under different fertilization treatments

Qb3 pH SOM(g/kg) TN(g/kg) TP(g/kg) TK(mg/kg) NH;-N(mg/kg) AP(mg/kg) AK(mg/kg)
CK 6.08+0.08a 12.2+0.60d 0.73+0.02d 043+0.03e 11.12+1.19c 8.04 +£0.48 cd 24.82 +£3.78 ¢ 163.06 +6.85 f
T1 5.29+0.08de 13.03+0.70cd 0.83+0.08c 0.49+0.03d 14.22+1.15a 7.63+160d 66.57 +21.87d 171.61+8.33ef
T2 537+014de 19.42+143b 1.05+0.06b 0.6=+0.0l1c 11.8+1.96hc 743+132d 8556 +597c 179.51 +7.00de
T3 5.41+0.18c 1257 +3.02c 0.97 +0.03b 0.6 +0.03c 11.48=+1.20bc 10.43+1.44ab 93 +6.03 be 189.88 +5.65 cd
T4 544+011d 21.02+329b 1.16+006a 0.78+0.02a 13.57+0.66ab 9.68+1.17bc 10528 +3.92b 197.78 +£1.97 bc

18.15+2.71b 116 +0.06a 0.65=+0.01b
21.02+150a 1.19+0.08a 0.64+0.02b

T5 5.72+0.08b
T6 5.27 +0.13e

13.71 +2.39 ab
12.23 +0.54 abc

11.17 £0.56 ab 134.99 +3.89a 207.37 £4.78b
1229 +1.60a 137.49+6.19a 222.71*14.49a

e Fl—F AR RNG PR R A B 22 57 18 3% (P<0.05, n=4),

22 AEEELETHENAFETLS o 5 B SHE

T

ANFIALEET AN A#F Y Chaol 1 Shannon
BEH TR EEES, MFEEImRAHAETHN o
ZHMEFEREEES, WA WM Chaol
Shannon f8%(¥ & T8 WA (& 1A). HTF Bray-
Curtis HIUTEAEFER) PCoOA ST R, AFALHE R #)
AN PR L A A 0 25 R (R R A, r=0.37,
P=0.005; i 2RE, r=0.33, P=0.001) (& 1B). It
gb, FIH UPGMA Z R A RISHIIR I A R HE
TR O R K, NG RTEF a R R A 2R

JIES 5 240 R RV 2L 8 P 72 b A it P Ak 3 LA AR
25 (K 2A. 2B),
2.3 AEMEAEAIE T M E A AR TN

AN [a] it S Ak B - S5 A0 PR A AR AT SR Y
FEIRMEEAEZES, (AR DKE EF AR
JETR ] (Proteobacteria) . FRFT 4[] (Acidobacteriota) 1
LRS5BT (Chloroflexi) . 3T Kruskal-Wallis 556 &
Wilcoxon FkFIF 5455 (€] 2C . 2D), AN [H) 4 b 7
B FE L TRIEA R P RN AF G EER
KRErh, BT VRBRFT IR T s ) A2k, A2
FE T R AL AL B AR 5 E T, Horp T1, T3,

B, X REZH B Ab A S BAT R 25 7%, HE A AL T6 AbHE ERE TR PR, LHE
(A)
o s Wi
5000F a fl a a a a a
?4000* -
Z 3000} = F - H = =
S 2000}
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11F
== == —
o 10] e . = — :
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Fig. 1 Diversity of soil abundant and rare sub-communities under different fertilization treatments (A) and PCoA at the OTU level (B)
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Fig. 2 Composition of soil abundant and rare bacterial sub-communities under different fertilization treatments (A, B) and differences at the
level of the top 10 phyla (C, D)

A UL 234 AR RE XS T 40 T 2R 1 2 A 1T 3%
SR o /AN [ 8 it RS X 48 7 22 AR P ) 2 i T B A
177 A B A RO0E , (BRI N AT REAR ] R AR
W AR E AL NG T , SR AL R IR T RE T AL T 2
T3] P 200 BT 7 9 A I oK, A AR T RERE L 1R AY
I, SEEARIERRERL,

SR, B WIS 35 53 i) e b R B — 2 FY

Wy, HRS IR AR AR Y A6, A
M B 85 L3 R B394,
3.2 BHLAEERSE AL AB X 40 B P B 45 AL BY 52 11
KT o SHERIZT
20 T R O LB AR R A A R G
R CHEL, T A0 AV 922 AL T LR B PP A 11
AR R RS ARBFFE A R A B, RIAMET

http://soils.issas.ac.cn



92 + % %57 %

Tl , XA e B RE R E R R RE A SRR RUE WA A RIREE & 1F T REAE L R A
PERRE CE WIS RO ST AR I, IMAHEAE IS B DIREAAE S A R B AP B, AR

RN I A2

*k ok PETTY ok kK P TS ok K ok K PET TS
c c a a b b C d c e b c b c
1.0+ T
% : I I
:l'_:i
] :
& 0.5 . .
. . ' '
] s $
' [ ] . [ ]
0.0t N t ¢
CK Tl T2 T3 T4 T5 T6
by

(P8 s R A TR ] 22 5% 76 P<0.000 1 /K T3 5 RIR/ING S 47 [l — AN T AR ) b B ] 22 545 P<0.05 /K - 435
E3 AREERAETEEMHZEARTHESMEE

Fig. 3 Niche breadths of soil abundant and rare bacterial sub-communities under different fertilization treatments
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Fig. 4 The impact of soil physicochemical factors on abundant and rare bacterial sub-communities: Mantel test(A) and redundancy analysis(B)
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